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配体 L1H (2,4,6-Me3C6H2N=C(Ph)NH-(2-PPh2C6H4)) (1)和 L
2H (2,6-iPr2C6H2 
N=C(Ph)NH-(2-PPh2C6H4)) (2)与过渡金属氯化物作用，形成三种不同类型的化合









NNP 配体与 TiCl4 在甲苯中回流条件下脱去 HCl，得到[N,N,P]三齿配位的化合物
L1TiCl3 (11)和 L
2TiCl3 (12)；（3）配体 L
1H 与 FeCl3 反应，在反应过程中三价 P
中心被氧化成五价的 P=O，而 Fe(III)被还原为 Fe(II)， 终得到了[N,O]双齿配位
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7、9 不仅表现出高聚活性，也显现较高的低聚活性，低聚活性高达 106 g(high 
olefin)/(mol(cat.)·h)。我们进一步考察了化合物 11和 12在不同条件下的聚合活性，
其中化合物 11 聚合活性在 3.80~10.37×105 g(PE)/(mol(cat.)·h)范围内变化，化合物
12 的聚合活性为 2.74~7.30×105 g(PE)/(mol(cat.)·h)。化合物 3 没有表现出明显的
聚合活性。凝胶渗透液相色谱（GPC）分析表明，这些聚乙烯的重均分子量均超
过 105 道尔顿，分子量分布均较宽（PDI = 4.5~80.7）。 
2、系列亚胺类配体稳定的金属化合物的合成及其性能研究 
β-二亚胺配体（L3H, L3 = HC[C(Me)N-2,6-iPr2C6H3]2）与 TiCl4 在甲苯中回流
反应脱去 HCl，得到化合物 L3TiCl3 (14)。该化合物可以很好地催化乙烯聚合，
聚合活性为 8.84×105 g(PE)/(mol(cat.)·h)，生成的聚乙烯平均分子量为 4.67×105
道尔顿，重均分子量分布为 69.34，得到的聚乙烯呈三峰分布。酚羟基化合物









化合物具有非常好的催化活性，达 108 g(high olefin)/(mol(cat.)·h)，生成的产物为
高级 α-烯烃，碳数主要分布为 C4–C30 (C4, 19.21~21.60%; C6–C12, 56.00~58.37%; 
C12+, 20.03~24.79)，K 值为 0.9877–0.9973，符合 Schulz–Flory 分布。我们尝试与
已知的催化剂 Cp2ZrCl2 联用，期望得到含多个短支链的聚烯烃，但是没有成功，
主要是由于 Cp2ZrCl2 催化剂对聚合单体的选择性太强，无法共聚由 16 催化生成
的 C4–C30 的高级 α-烯烃。 
以水杨醛 3,5-tBu2-2-OHC6H2CHO 和不同取代基的芳香胺 2-XC6H4NH2 为原
料，通过缩合反应，可以制备一系列多齿亚胺类配体 3,5-tBu2-2-OHC6H2CH=N(2- 
XC6H4)，包括 L
5H (17, X = SPh)、L6H (18, X = SMe)、L7H (19, X = OMe)、 L8H 
(20, X = PPh2)、 L
9H (21, X = CH3)和 L
10H (22, X = Cl)。配体 L6H 与 TiCl4 在回流
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盐消除的方法，[O,N,P]三齿配位的金属化合物 L8FeCl (24) 可以通过配体 L8H 经
n-BuLi 锂化，再与 FeCl2(THF)1.5 反应得到。 
为进一步考察这些亚胺类配体的结构化学特征，我们还研究了相应的主族金
属 Ge 的化合物的合成以及反应化学。（1）反应研究中发现，NNP 配体（L1H 和
L2H）经 n-BuLi 锂化后，与 GeCl2·dioxane 按 1:1 的比例反应，结果分别得到了[N, 
N]双齿配位的锗卡宾类似物 L12Ge (25) 和 L
2
2Ge (26)，这并不是我们期望的单取
代的产物 LGeCl。这些结果显示，新颖的 NNP 配体过渡金属化合物，与相应的
主族金属化合物在组成和结构方面有着一定的区别；（2）NN 配体 L3H 经 n-BuLi
锂化后，与 GeCl2·dioxane 反应，可以得到 L
3GeCl。其与 LiN(SiMe3)2 进一步反
应，得到锗卡宾化合物 L3Ge (27)。类似的，我们尝试其与有机叠氮分子 2,6-(2,4,6- 
iPr3C6H2)2C6H3N3 反应，希望合成 Ge=N 双键化合物，但是没有成功。这可能是
两个反应前体的空间位阻太大，阻碍了两者之间的反应；（3）以 L6H 为前驱体，
经 n-BuLi 锂化后，与 GeCl2·dioxane 按 1:1 的比例反应，得到了单取代的产物
L6GeCl (28)。所有实验结果表明， 二价 Ge 卡宾类似物的形成与配体的空间结



























厦门大学硕士学位论文                                                                    摘要 
IV 
Abstract 
Polyethylene (PE) resin is one of the important chemical materials. Its 
manufactures have been widely used in the area of the fine chamicals, electronics, 
chemical engineering and people’s living products, and so on, being as replacement in 
some degree of the traditional supplies made from such raw materials as wood, steel, 
organic glasses and so on. The demands and large scale synthesis of PE would in turn 
promote greatly the development of the polyolefin industry, and in the meantime bring 
deep studies of the related fundamental subjects, e.g. olefin polymerization catalysis, 
organometallic chemistry, polymer science and techniques, and so on. During the 
synthesis of PE, the catalyst is found to play a very important role, which has a great 
effect both sterically and electronically on the polyer chain initiation, propogation, 
growing, and transfer, and thus dominantly determines the types of the PE produced. 
The objective of this thesis is focusing on the synthesis and characterization of a 
series of novel transistion and main-group metal complexes incorporating a wide 
range of imido and the related organic ligands, and further on the use of these 
complexes as catalyst for the ethylene polymerization test. Based on these studies, we 
hope to have a deep understanding on the olefin polymerization chemistry and find 
the applicability of the new candidate of the catalyst we prepared. This thesis contains 
two parts as follows. 
1. Synthesis and ethylene polymerization catalytic property of transition metal 
complexes bearing the novel NNP ligand 
The reaction of L1H (2,4,6-Me3C6H2N=C(Ph)NH-(2-PPh2C6H4)) (1) and L
2H 
(2,6-iPr2C6H2N=C(Ph)NH-(2-PPh2C6H4)) (2) were carried out with a series of 
transition metal chlorides, affording three different types of products: (i) [N,P]-chelate 




(6), (L2H)CoCl2 (7), (L
2H) FeCl2 (8), (L
2H)CrCl3(THF) (9), and (L
2H)VCl3(THF) 
(10); (ii) [N,N,P]-pinced compounds L1TiCl3 (11) and L
2TiCl3 (12) which were 
formed under an elimination of HCl molecule in reflux condition; (iii) [N,O]-chelate 
compound (L1H)OFeCl2 (13) which might undergo an oxidation formation of P=O 
associated with a reduction of the Fe(III) into Fe(II). Compounds 3–5, 7–10 and 13 
were determined by X-ray crystallography. Compounds 4–10 were further tested by 
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cocatalyst. Compounds 4–10 all show a moderate activity of ca. 105 
g(PE)/(mol(cat.)·h), of which compounds 4, 6, 7 and 9 also exhibit a good activity of 
ca. 106 g(high olefin)/(mol(cat.)·h). Compounds 11 and 12 both display good catalytic 
activities of 3.80~10.37×105 and 2.74~7.30×105 g(PE)/(mol(cat.)·h), respectively. 
However, compound 3 shows almost no activity for ethylene polymerization. The 
molecular weight (MW) of the polyethylenes obtained averaged to ca. 105 dalton with 
relatively broad polydisepersity of PDI = 4.5~80.7.  
2. Synthesis and characterization of a series of imido ligand-based metal complexes 
L3H (L3 = HC[C(Me)N-2,6-iPr2C6H3]2) was employed to react with TiCl4 under 
reflux in toluene, and compound L3TiCl3 (14) was obtained. By ethylene 
polymerization catalysis test, compound 14 was indicated to show a good activity 
(8.84×105 g(PE)/(mol(cat.)·h). The MW of the polyethylene produced is 4.67×105 
dalton and PDI is ca. 69.34. The polyethylene exbihits a trimodal model in 
distribution. Compound L3TiCl3 (15, L
3 = 2,6-tBu2-4-MeC6H2O) was synthesized and 
tested to show a good activity of 1.56~2.44×106 g(PE)/(mol(cat.)·h). The average 
molecular weight of the obtained polyethylene is 4.15~7.75×105 dalton and the 
polydispersity is calculated to be ca. 18.49~97.42. The polyethylene presents a 
bimodal model in distribution. 
Treatment of pyridine–diimine L4 (L4 = 2,6-[2-CH3C6H4N=C(CH3)]2C5H3N) 
with FeCl2(THF)1.5 led to compound L
4FeCl2 (16) as a result of a [N,N,N]-pincer 
ligation mode at the metal center. Compound 16 is catalytically active for the ethylene 
oligomerization reaction when coworked with MAO, showing a very high activity by 
ca. 108 g(high olefin)/(mol(cat.)·h. The resultant oligomers consist of C4–C30 α-olefins 
(C4, 19.21~21.60%; C6–C12, 56.00~58.37%; C12+, 20.03~24.79%), fitting to the 
Schulz–Flory distribution with the K constant of 0.9877–0.9973. The known catalyst 
Cp2ZrCl2 was used in an attempt to realize the copolymerization of the oligomers 
produced by using the L4FeCl2/MAO catalyst system. Unfortunately, no expected 
multiply branched copolymers were achieved.  
Salicylaldehyde 3,5-di-tBu-2-OHC6H2CHO and amine 2-XC6H4NH2 (X=SPh, 
SMe, OMe, PPh2, CH3, Cl) were employed to synthesize a series of salicylaldimine 
ligand compounds 3,5-di-tBu-2-OHC6H2C=N(2-XC6H4) including L
5H (17, X = SPh), 
L6H (18, X = SMe), L7H (19, X = OMe), L8H (20, X = PPh2), L
9H (21, X = CH3) and 
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compound L6TiCl3. The lithiation of L
8H by using n-BuLi followed with metathesis 
reaction with FeCl2(THF)1.5 afforded L
8FeCl (24) which contains a [O,N,P]-ligation 
mode. 
We also studied the reaction chemistry of some imido ligands to prepare the main 
group metal compounds. The germylene compounds L12Ge (25) and L
2
2Ge (26) were 
successfully formed from the reaction of L1Li and L2Li freshly produced with 
GeCl2·dioxane in a molar ratio of 1:1. Following similar synthetic procedures, 
compound L3GeCl and L8GeCl (28) were prepared. L3GeCl can be further treated 
with LiN(SiMe3)2 to give L'
3Ge (27, L'3 = HC[C(CH2)N-2,6-iPr2C6H3]-[C(Me)- 
N-2,6-iPr2C6H3]). An attempt to approach the Ge=N double bond compound by 
reacting 27 with azide 2,6-(2,4,6-iPr3C6H2)2C6H3N3 was not successful. These results 
indicate that the steric demanding of the ligand could be responsible for the formation 
of the mono–substituted compound of the LGeCl type.  
 
Key words: NNP ligand; imido ligand; metal complexes; ethylene polymerization; 
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